Effects of castration and anabolic implants on weight gain, rib soft tissue composition and serum hormones were studied in cattle using a completely random design with a 2 x 2 factorial arrangement. Half of 16 bulls and 16 steers (Angus or Angus x Brahman) aged 9 mo and weighing 290 kg were treated with an implant (200 mg trenbolone acetate and 24 mg estradiol). Half of each group were not treated with an implant. A growing diet was fed for 95 d and half the animals in each group were slaughtered. Animals in the treated groups were reimplanted with trenbolone acetate and fed a finishing diet for 84 d and slaughtered. Percentage dry matter, fat and protein were determined on soft tissue from the 9-10-11th rib. Two blood samples were collected from each animal every 2 wk. Serum was assayed for five hormones. During the growing phase, untEated and treated bulls and treated steers gained more! weight and had leaner rib sections that untreated steers (P e .05); after the finishing phase, there were no differences among groups. Untreated steers had lower insulin-like growth factor (IGF-I) and higher cortisol concentrations during both phases of growth than untreated bulls did (P e .05). Treatment with implants increased IGF-I concentrations in steers during both phases and reduced cortisol during the finishing phase. In bulls, the implant did not affect weight gain, rib composition, cortisol or IGF-I, but it decreased testosterone. We conclude that bulls over 9 mo of age have sufficient endogenous anabolic hormones for maximum growth; steers have insufficient hormones for maximal growth. ( 
effect of androgenestrogen combinations is additive (see review by Galbraith and Topps, 1981; Van der Wal and Berende, 1983; Roche and Quirke, 1986) .
Trenbolone acetate and estradiol, like other androgenestrogen combinations, have been reported to have an additive anabolic effect in steers (Heitzman et al., 1977) but little effect in bulls (Henricks et al., 1988) . In general, the anabolic compounds are not as effective in bulls as in steers. These differences in growth and responsiveness to anabolic compounds may be expressed as differences in the hormonal status between the two sex phenotypes. Understanding how the endocrine system changes following castration or treatment with anabolic implants may allow growth in cattle to be manipulated. To explain this sexdependent effect on hormonal status, the objective of this experiment was to investigate the effects of castration and trenbolone acetateestradiol implants on weight gain and body composition in relation to serum hormones.
Materials and Methods
Animals. Angus or Angus x Brahman bull calves of similar age (6 to 7 mo) and weight were selected from a group weaned in October from the University herd; half the animals were then castrated. At approximately 8 to 9 mo of age (November) and 290 kg BW, 16 bulls and 16 steers were selected for the experiment. Eight bulls and eight steers were implanted with 200 mg trenbolone acetate6 (TBA) in the right ear and 24 mg estradiol17p7 in the left ear. The other eight bulls and eight steers received no implants. Angus and Angus x Brahman calves were distributed randomly across all treatment groups.
The bulls and steers were equally distributed in two adjacent feed lots of .8 ha provided with shades and automatic waterers. The animals had ad libitum access to a growing (G) type diet (Table 1) for 95 d. Sixteen animals (half of each group) were adjusted to a finishing (F) diet (Table 1) for 2 wk and fed for 84 d. Upon initiation of the finishing phase, the implanted cattle received only TBA with no additional estrogen implant. Salt and mineral-vitamin mixture (Table 1) were available free choice. Rib Sofr Tissue Analysis. Half the animals from each of the bull and steer groups were designated randomly to be slaughtered at the end of the G phase and at the end of the F phase. The 9th through the 11th rib sections were taken 48 h after slaughter and the soft tissue samples were prepared following the procedure of Hankins and Howe (1946) and stored at -20°C until they were analyzed. Dry matter, protein and fat were determined by freeze-drying, Kjeldahl method and Soxhlet extraction with ethyl ether, respectively, following the procedures of AOAC (1980 Henricks and Torrence (1978) and Henricks et al. (1984) , respectively.
Assay for Insulin-Like Growth Factor-I. The hormone was obtained from IMCERA (Terre Haute, IN) . Five micrograms of insulinlike growth factor-I (IGF-I) were iodinated by mixing it with 1.0 mCi Na 1251 and 5 pg chloramine-T for 20 s; this reaction was quenched with 50 mg sodium metabisulfite. Iodinated IGF-I was purified with a G-50 column (1 x 50 cm) and kept at 4°C. For serum IGF-I radioimmunoassay, serum was extracted with acidethanol and neutralized with Tris base as described by Daughaday et al. (1980) . Following extraction with acidethanol and neutralization with Tris, the serum was diluted 57-fold (400-fold dilution of native serum) with assay buffer (.03 M phosphate, pH 7.5; .02% [wh] protarninesulfate; .05% [v/vl tween 20; .01 M EDTA, .02% [w/v] NaN3). To 100 pl of treated neutralized, diluted serum were added 100 pl of 1:2500 rabbit anti-human somatomedin-C/IGF-I serum* and 100 pl of iodinated IGF-I (12,000 cpm); tubes were incubated at 4'C for 16 h. Each tube received 100 pl of 1:30 sheep anti-rabbit gamma globulin serum and was placed in ice-water for 1 h; 50 pl of 1:25 normal rabbit serum was added and tubes were incubated for an additional 1 h in icewater. Finally, 1 ml of assay buffer was added to each tube and the tubes were centrifuged for 30 min at 2,400 x g.
The supernatant fluid was aspirated and the pellet was counted. The intra-and interassay coefficients of variation of the assay were 4.1% and 19.6%, respectively.
To evaluate the validity of the assay, a composite bovine serum treated by either acidethanol extraction or glycine HC1-incubation (see the legend to Figure 1 for details) was subjected to a parallelism trial. Serum treated by either method was nearly parallel to IGF-I standard in the displacement curve (Figure l), with little potency difference between the acidethanol extract and acid-incubation serum. Recovery of various doses of serum-added IGF-I standard measured in the RIA was 80% to 90% by both treatment methods. Based on these data and further unpublished results (Lee and Henricks), IGF-I RIA data reported in this paper are relative measurements of serum IGF-I concentrations.
Statistical Analysis. The experiment was a completely random design with a 2 x 2 factorial arrangement between castration and implantation. Analyses of variance were performed using the General Linear Model procedure of SAS (1982) . Main effect and interaction components were fitted and certain pairs of interaction means were compared using preplanned linear contrasts. Specifically, these contrasts included comparisons between implanted and control steers, implanted and control bulls, and implanted steers and control bulls. Differences between means were tested at the 5% significance level. Blood measurements were analyzed as a completely random split plot in time.
Results and Discussion
Growing Phase. During this phase, the trenbolone and estradiol-17P implants increased the weight gain in steers (P < .05), but *Provided by L. E. Underwood and J. J. Van Wyk, University of North Carolina, and distributed through the National Hormone and Pituitary Program. they did not increase gain in bulls (Table 2) . Feed intake was not measured in this experiment. According to Hunt and Henricks in an experiment immediately following this one (unpublished), feed intake was not changed by castration and the trenbolone acetate-estradiol-17P (TBA-kP) implants had no effect on feed intake in either growing bulls or steers. Published data (Heitzman et al., 1977 (Heitzman et al., , 1981 also indicate that the TBA-E;?P implants increased weight gain with little effect on feed intake by steers. As assessed from these data and a normal growth response of each group in this experiment, the increased weight gain in implanted steers probably is attributable to improved metabolic efficiency rather than to an increased feed intake.
Untreated steers had ribs with greater fat content than ribs of untreated bulls ( Table 2 ).
The implants caused a decrease in dry matter and fat content of the rib section in steers but not in bulls ( Table 2 ). The only difference in protein content was between control steers and implanted bulls (P < .OS).
The mean E;? concentrations were not different (P > .05) between nonimplanted bulls and steers, nor was trenbolone-17P (TBOH) detectable ( 4 0 0 pg/ml) in either group. The TBA implant gave mean serum levels of 600 to 800 pgml, tending to be higher in bulls.
The E;? implant increased (P < .05) E;? concentration. Concentration was higher (P < .05) in steers than in bulls (22.2 pdml vs 16.9 pg/ml). Serum levels indicate the so-called burst effect that lasted for about 30 d followed by a slowly decreasing E;? level (Figure 2 ).
Steers may have had a slower clearance rate, as reported previously (Henricks et al., 1983 ). An analysis of the data detected neither a linear nor a quadratic relationship between weight gain and mean TBOH and(or) mean E$$ concentrations of individual implanted steers. These results suggest that there is some minimal amount of these steroids required for maximum growth in each steer. The effect of these implants on growth in the bull is more complex.
The mean serum cortisol concentration (Table 2 ) was greater in control steers than in control bulls, as observed previously (Henricks et al., 1988) . Because cortisol generally is regarded as a catabolic hormone, the greater cortisol concentration of steers than of bulls may explain part of the reduced weight gain and higher rib fat content of steers. Though there was a trend toward lower cortisol concentration in implanted than in control steers, this difference was not significant. In bulls, the implants did not change the cortisol concentration.
Testosterone was not detectable in steers. The implants decreased the testosterone concentration in bulls (Figure 3) . The decreased concentration in implanted bulls may be from a feedback suppression of testosterone secretion by the implanted steroids, Gettys et al.
(1984) have reported that both TBA and & decreased the LH secretion in castrated cattle. In a subsequent study, Henricks et al. (1988) reported that the TJ3A-Q implants decreased the systemic testosterone concentration without diminishing the LH response to a GnRH challenge. Based on these data, the authors concluded that the implanted steroids suppressed testosterone secretion through hypothalamic feedback.
The IGF-I concentration increased progressively with age in the two untreated groups of bulls and steers ( Figure 4) ; this trend was more pronounced in bulls. Thus control bulls had a higher mean IGF-I concentration during the growing period than control steers (340 vs 261 f 25ng/ml, P < .05). The anabolic implants erased this difference between bulls and steers. The mean IGF concentrations in implanted bulls and steers were 336 and 368 f 25 ng/ml. The nonimplanted bulls had mean concentrations of 340 f 25 ng/ml. Because IGF-I increased in parallel with an increase in testosterone in the bulls but not in steers, serum IGF-I concentration may be increased by gonadal hormones. Testosterone promotes IGF-I secretion in the human (Parker et al., 1984) and potentiates GH action on somatomedin A secretion in rats (Kawai et al., 1982) . Estradiol stimulates GH secretion in steers (Grigsby and Trenkle, 1986) , which in turn is likely to stimulate IGF-I secretion. According to Breier et al. (1988) and unpublished data cited by them, estradiol increases GH binding to hepatic membrane receptors and promotes IGF-I secretion in steers. Perhaps the fact that the steer had been deprived of its endogenous androgen causes a decrease in the circulating IGF-I, a hormone supporting growth. Thus the steer benefits from an exogenously delivered androgen whereas the bull does not. Restricted feeding of cattle is known to decrease circulating IGF-I concentration also (Breier et al., 1986; Elsasser et al., 1989) . As noted previously, the decreased IGF-I concentration in control steers in this experiment is not likely from a reduced feed intake as assessed from the normal growth response of this group.
The synthesis and secretion of IGFI is believed to be partially regulated by GH in cattle (Fabry et al., 1987; Elsasser et al., 1989) and other animal species (Baxter, 1986) . Recently Elsasser et al. (1989) reported that the IGF-I response to GH in cattle can be attenuated by undernutrition in the form of either energy or protein intake. Hepatic IGF-I gene expression and serum IGF-I concentration are increased in GH-transgenic mice (Mathews  et al., 1988) and GH-injected, ovariectomized, hypophysectomized rats (Murphy and Friesen, 1988) . Because the amino acid sequences of the human, bovine and porcine IGF-I are identical (Honegger and Humbel, 1986; Tavakkol et al., 1988) . and the N-terminal half is nearly identical between human and rat (Rubin et al., 1982) , these reports suggest that IGF-I may be a mediator of GH in stimulating somatic growth in animal species.
Finishing Phase. There were no differences (P > .05) in weight gain among groups (Table   2 ), but bulls and implanted steers tended to gain weight more rapidly than untreated steers. After continuing for almost 3 mo on a finishing ration, carcass composition as determined from rib analysis for dry matter, fat and protein was not different (P > .05) between unimplanted bulls and steers, nor did the steroid implants have any effect. Because these animals continued into the finishing phase, the changes in composition measured at the end of this phase suggests that fat deposition during the finishing phase was greater for implanted steers and for bulls than for unimplanted steers. The lack of a difference in composition among groups at slaughter may have been due to heavier weights of the bulls and implanted steers, which would result in increased deposition of fat. Analysis of serum levels of trenbolone and during this phase (Table 2) the implants were releasing trenbolone in both bulls and steers. Serum Q was less in both phenotypes than during the growing phase; the animals were not reimplanted with estrogen. Concentrations of were higher in the implanted steers than in the implanted bulls; implanted steers tended to have the highest ADG during this phase of growth. In bulls, serum testosterone concentrations ( Figure 3 ) were similar to those measured in the G phase; the implants decreased testosterone (P e .05).
Serum cortisol was lower (P < .05) in the implanted steers than in the control steers; between the implanted and control bulls and implanted steers there was no difference. These findings are somewhat similar to what was found during the growing phase. Insulinlike growth factor4 (pigure 4) showed a ranking similar to that of cortisol; the implant raised serum IGF-I in steers but not in bulls.
In summary, untreated steers grew more slowly than their bull counterparts and had increased fat content of the 9-10-11th ribs during the growing phase. The TBA-F5# implants increased rate of weight gain and decreased the dry matter and fat content of the rib sections of steers during the G phase but not during the F phase. There were no differences between implanted steers and untreated bulls in weight gain and rib measurements (P > .05).
The IGF-I concentration was greater and cortisol concentration was less in unimplanted bulls than in their counterpart steers during the G and F phases. The Q p concentration was least in control steers and greatest in implanted steers. The implants increased the IGF-I concentration and decreased the cortisol concentration, though not significantly, in steers during the growing phase.
Implanting bulls affected neither weight gain nor rib composition during either phase. The implants caused a decrease in testosterone concentration, but they did not affect cortisol and IGF-I concentrations.
lmpllcatlons
The reduced growth efficiency of steers versus bulls may be due to an adverse effect of castration on the animal's hormonal status. Removal of testosterone was followed by decreased IGF-I and increased cortisol secretions. Likewise, the anabolic effects of trenbolone acetate and estradiol implants in steers caused a change in hormonal status to re-semble that of bulls. The bulls had sufficient endogenous anabolic steroids for maximum growth. Additional steroids decreased testosterone secretion, perhaps through a feedback mechanism, but did not alter growth rate. 
